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(57) ABSTRACT

The semiconductor device according to one embodiment of
the present invention includes: a semiconductor substrate;
and a first area and a second area which are respectively
provided on the semiconductor substrate. The first area
includes: a first metal wiring formed 1n a first wiring layer
above the semiconductor substrate and having a certain {first
width; a second metal wiring formed 1n a second wiring layer
located 1n an upper layer of the first wiring layer and having
the first width; and a first contact connecting the first metal
wiring and the second metal wiring and having a second
width equal to or less than the first width. The second area
includes a third metal wiring having a film thickness from the
first wiring layer to the second wiring layer and having a
certain third width.

14 Claims, 10 Drawing Sheets




U.S. Patent Jun. 17, 2014 Sheet 1 of 10 US 8,754,475 B2

FIG. 1 AREA A <—:-<"> AREA B

HFIG. 2

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

WIRING
LAYER

- Ll
- INCI EEI [N KN .3EXJ AW Lt

FIRST

+
n
|
n
|
L]
n
N
n
|
L
i
|
.
|
N
n
K
n
]
=
.|
|
|
n
|
|
| ]
A
N
|
N
1
|
.
|
]
n
N
|
L]
n



U.S. Patent Jun. 17, 2014 Sheet 2 of 10 US 8,754,475 B2

FIG. 3
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FIG. 11
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2011-

90988, filed on Apr. 15, 2011, the entire contents of which are
incorporated herein by reference.

BACKGROUND

1. Field

Embodiments described herein generally relate to a semi-
conductor device and a method of manufacturing the same.
2. Description of the Related Art

As one of power semiconductor devices, a so-called
DMOS transistor 1s known. The DMOS transistor has a driit
region which 1s adjacent to a drain diffusion layer having a
high 1mpurity concentration, and which 1s of the same con-
ductive type as this drain diffusion layer and has a lower
impurity concentration than the drain diffusion layer. The
DMOS transistor has characteristics that a switching speed 1s
high and conversion efficiency 1s high 1n a comparatively low
voltage area, and can achieve both of a high breakdown volt-
age operation and low on-resistance.

The high breakdown voltage of the DMOS transistor 1s
realized by optimally designing a depletion layer, and the low
on-resistance 1s realized by optimizing a cell resistance of a
unit element. However, the high breakdown voltage and low
on-resistance have a trade-oil relationship, and an optimal
structure for the high breakdown voltage and an element
structure for obtaining the low on-resistance need to be opti-
mized. While resistance components of the DMOS transistor
include, for example, a diffusion layer resistance, channel
resistance, drift layer resistance and wiring resistance, the
wiring resistance 1s a resistance component which 1s little
influenced by an element design on the semiconductor sub-
strate. It 1s necessary to reduce the wiring resistance to have
the low on-resistance without decreasing the breakdown volt-
age.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 15 a perspective view illustrating a configuration of
a semiconductor device;

FIG. 2 1s a sectional view 1llustrating a configuration of a
semiconductor device according to a first embodiment;

FIG. 3 1s a sectional view illustrating a method of manu-
facturing a semiconductor device according to the {irst
embodiment;

FI1G. 4 15 a sectional view 1llustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FIG. 5 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FIG. 6 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FI1G. 7 1s a sectional view 1illustrating the method of manu-
facturing a semiconductor device according to the {irst
embodiment;

FI1G. 8 15 a sectional view 1illustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;
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2

FIG. 9 1s a sectional view 1llustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FIG. 10 1s a sectional view 1llustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FIG. 11 1s a sectional view 1llustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FI1G. 12 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the {irst
embodiment;

FI1G. 13 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FIG. 14 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the first
embodiment;

FIG. 15 1s a sectional view illustrating a configuration of a
semiconductor device according to a second embodiment;

FIG. 16 1s a sectional view 1illustrating a method of manu-
facturing a semiconductor device according to the second
embodiment;

FI1G. 17 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the second
embodiment;

FIG. 18 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the second
embodiment;

FIG. 19 1s a sectional view illustrating the method of manu-
facturing a semiconductor device according to the second
embodiment;

FIG. 20 1s a sectional view 1illustrating a method of manu-
facturing a semiconductor device according to another
example of the second embodiment;

FIG. 21 1s a sectional view 1illustrating a method of manu-
facturing a semiconductor device according to another
example of the second embodiment; and

FIG. 22 1s a sectional view 1illustrating a method of manu-
facturing a semiconductor device according to another
example of the second embodiment.

DETAILED DESCRIPTION

The semiconductor device according to one embodiment
ol the present invention includes: a semiconductor substrate;
and a first area and a second area which are respectively
provided on the semiconductor substrate. The first area
includes: a first metal wiring formed 1n a first wiring layer
above the semiconductor substrate and having a certain first
width; a second metal wiring formed 1n a second wiring layer
located 1n an upper layer of the first wiring layer and having
the first width; and a first contact connecting the first metal
wiring and the second metal wiring and having a second
width equal to or less than the first width. The second area
includes a third metal wiring having a film thickness from the
first wiring layer to the second wiring layer and having a
certain third width.

Next, a semiconductor device according to embodiments
will be described with reference to the drawings.

First Embodiment
Configuration of Semiconductor Device

First, a stacked structure of a semiconductor device accord-
ing to a comparative example will be described with reference
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to FIG. 1. Then, a structure of a semiconductor device accord-
ing to the first embodiment will be described with reference to
FIG. 2.

FIG. 1 1s a sectional view 1llustrating a configuration of a
semiconductor device according to a comparative example.
In the following description, “p- type” refers to a semicon-
ductor having a lower impurity concentration than “p type”.
Further, “n- type” refers to a semiconductor having a lower
impurity concentration than “n type”. Furthermore, “p+ type”
refers to a semiconductor having a higher impurity concen-
tration than “p type”.

As illustrated 1n FIG. 1, a semiconductor device 1s formed
on, for example, an n- type semiconductor substrate 101. The
semiconductor substrate 101 has anarea A (afirstarea) and an
arca B. In the area A, an element used for a logic circuit or the
like 1s formed (a PMOS transistor 1s formed 1n the example
illustrated 1n FI1G. 1). In the example illustrated in FIG. 1, the
area B 1s an area 1n which a p channel type DMOS transistor
1s formed. The PMOS and DMOS ftransistors are just one
example of elements formed 1n the semiconductor device,
and the conductive types of various conductive layers in FIG.
1 may all be 1inversed to constitute n channel type transistors.
Further, an element formed in each area 1s not limited to a
MOS transistor. The element formed 1n each area 1s not lim-
ited to specific types, but includes a bipolar transistor, diode,
resistive element, and the like. Further, the element formed 1n
the area B only needs to be an element which needs to reduce
a wiring resistance.

As 1llustrated 1 FIG. 1, gate electrodes 17 are formed on
the semiconductor substrate 101 via gate insulation films 16.
The gate electrodes 17 are provided, for example, not only 1n
the area A but also 1n the area B.

First, the structure of the DMOS transistor in the area B
will be described. The gate electrode 17 1n the area B 1s
positioned between a p+ type drain region 12 which functions
as a drain of a p channel type DMOS transistor, and a p+ type
source region 15 which functions as a source of the same p
channel type DMOS transistor. In the lower layer of the drain
region 12, a p type diffusion region 13 1s formed. Further, as
illustrated 1n FIG. 1, 1n the lower layer of the source region 15,
an n type diffusion region 14 1s formed.

Further, silicon oxide films 18 (for example, S10,, film) are
formed on the surface of the semiconductor substrate 101.
The silicon oxide films 18 function as field oxide films. The
silicon oxide films 18 may be removed depending on the
breakdown voltage of a desired MOS transistor. The sizes,
impurity concentrations and so on of the drain region 12, p
type diffusion region 13, n type diffusion region 14 and
source region 15 are set to satisiy desired characteristics such
as an on-resistance and breakdown voltage of the p channel
type DMOS transistor 1n the element area.

Next, the structure of the PMOS transistor in the area A will
be described. The gate electrode 17 1n the area A 1s positioned
between p type diffusion regions 19 which function as a drain
or source of the PMOS transistor. The silicon oxide films 18
in the area A function as element separation insulation films.

The semiconductor device according to the comparative
example 1llustrated i FIG. 1 1s buried by an interlayer insu-
lation film 102 and an interlayer insulation film 110. Note
that, a stopper {1lm or the like 1s provided between the inter-
layer insulation film 102 and the interlayer nsulation film
110, like 1n a manufacturing method of the semiconductor
device of the first embodiment described later, although not
illustrated 1n FIG. 1. Columnar contacts 103 are formed in the
interlayer msulation film 102 to penetrate the iterlayer insu-
lation film 102 and connect to the p type diffusion regions 19
in the area A, and the drain region 12 and the source region 15

10

15

20

25

30

35

40

45

50

55

60

65

4

in the area B, respectively. Further, a metal layer 107 1s
provided to connect to upper parts of the contacts 103 1n the

interlayer isulation film 102.

A metal layer 114 1s formed 1n the interlayer insulation film
110 1n the area A to penetrate the interlayer insulation {ilm
110 and connect to the metal layer 107. Further, a metal layer
117 1s formed 1n the mterlayer insulation film 110 1n the area
B to penetrate the interlayer msulation film 110 and connect
to the metal layers 107. In the areas A and B, the metal layers
107 and metal layers 114 and 117 function as wirings. In the
semiconductor device according to the comparative example
illustrated 1n FIG. 1, the metal layers 117 1n the area B are
configured to be connected to the metal layers 107 1n the
lower layer through a plurality of columnar contacts.

However, the wirings of the DMOS transistor formed in the
area B 1llustrated 1n FIG. 1 are subject to limitation such as a
wiring width determined by the pitch between the source and
drain. Therefore, 1t 1s not possible to simply widen the wiring
width to achueve a low resistance of the wirings. Further,
connecting the metal layers through the contacts i1s also
restricted by burying capability of a metal material used for
the wirings. Therefore, the wiring structure according to the
comparative example 1llustrated 1n FIG. 1 has difficulty 1n
reducing the wiring resistance.

Semiconductor Device According to First
Embodiment

From this viewpoint, the following configuration 1s
employed 1n the first embodiment. Hereinatter, the configu-
ration of the semiconductor device according to the present
embodiment will be described with reference to FIG. 2.

FIG. 2 15 a sectional view 1llustrating a configuration of a
semiconductor device according to the first embodiment. The
entire configuration of the semiconductor device according to
the present embodiment 1s the same as that of the comparative
example illustrated in FI1G. 1. Further, portions employing the
same configurations as in the comparative example will be
assigned the same reference numerals, and duplicate descrip-
tion thereof will be omitted. FI1G. 2 illustrates a configuration
of the semiconductor device above the interlayer insulation
film 102 stacked on the semiconductor substrate 101, and
does not illustrate impunity diffusion layers (12, 13, 14, and
15) formed on the semiconductor substrate 101. The semi-
conductor device according to the present embodiment 11lus-
trated 1n FIG. 2 differs from the semiconductor device accord-
ing to the comparative example 1n that the wiring connected to
the contacts 103 1n the area B 1s formed as one thick metal
layer.

As illustrated 1in FIG. 2, 1n the area A of the semiconductor
device according to the present embodiment, the metal layers
107 including barrier metal BM are provided to connect to the
contact 103. The metal layer 107 1s provided to penetrate a
stopper {1lm 104 and a interlayer insulation film 105 provided
on the mterlayer insulation film 102. A layer in which this
metal layer 107 1s formed 1s referred to as a first wiring layer.
A stopper film 108 and an interlayer insulation film 110 are
provided on this metal layer 107. The stopper film 104 and the
stopper film 108 function as stoppers for etching in the
method of manufacturing a semiconductor device which will
be described later. Additionally, the stopper film 108 has a
function of preventing diffusion of metal (for example, cop-
per) used for the metal layer 107 1nto an interlayer insulation
film 110.

Further, 1n the area A, a metal layer 114 including barrier
metal BM 1s formed to penetrate the interlayer mnsulation film
110 and the stopper film 108 and connect to the metal layer
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107. The metal layer 114 1s formed using a damascene
method as method of manutacturing a semiconductor device
described later. In this case, an upper part 114q of the metal
layer 114 serves as a wiring portion, and a lower part 11456 of
the metal layer 114 serves as a columnar contact portion. That
1s, a layer in which the metal layer 114a 1s formed 1s referred
to as a second wiring layer. In the area A, the metal layer 107
and the metal layer 114a (wiring portion) have a certain width
W1, and the metal layer 1145 (contact portion) has a width
W2 equal to or less than the width W1. Miniaturization of the
area A 1n which the logic circuit 1s formed 1s demanded, and
the widths W1 and W2 are defined according to the minimum
feature size 1n the manufacturing process.

In the semiconductor device according to the present
embodiment, the metal layer 114 including barrier metal BM
1s provided in the area B to penetrate the interlayer insulation
films 110 and 105 and the stopper films 108 and 104 and
connect to the contacts 103. In the semiconductor device
according to the comparative example illustrated 1n FIG. 1,
the number of contacts 103 connected to each of the drain
region 12 and the source region 15 is just one. However, as
illustrated in FIG. 2, a plurality of contacts 103 may be pro-
vided to each of the drain region 12 and the source region 15,
respectively. The metal layer 114 1n the area B 1s formed to
have a thickness from the second wiring layer (layer in which
the metal layer 114q 1s formed 1n the area A) to the first wiring,
layer (layer in which the metal layer 107 1s formed). Further,
the metal layer 114 1s formed 1n the area B to have a width W3
wider than the width W1.

| Advantage]

In the semiconductor device according to the present
embodiment, the metal layer 114 1s formed 1n the area B to
have a film thickness over two wiring layers. Although, 1n the
comparative example 1llustrated 1n FIG. 1, there 1s the inter-
layer insulation film 110 between the metal layers 107 and the
metal layers 117, the semiconductor device according to the
present embodiment 1llustrated 1n FIG. 2 does not include the
interlayer isulation film 1n the metal layer 114. In the semi-
conductor device according to the present embodiment, the
area 1n which the interlayer insulation film 110 1s provided 1s
replaced by the metal layer 114 and, consequently, the sec-
tional area of the wiring increases, so that 1t 1s possible to
reduce the wiring resistance. Further, by making the wiring
width W3 of the metal layer 114 1n the area B wider than the
wiring width W1 1n the area A, the sectional area of the wiring
turther increases and, consequently, 1t 1s possible to reduce
the wiring resistance. Also, even when the thickness of the
wirings becomes thicker, 1t 1s possible to form a metal layer
which can be well-buried.

Next, a method of manufacturing a semiconductor device
according to the present embodiment will be described with
reference to FIGS. 3 to 14. FIGS. 3 to 14 are sectional views
illustrating the method of manufacturing a semiconductor
device according to the first embodiment. Note that, in the
method of manufacturing a semiconductor device, a forming,
process of a semiconductor device such as a DMOS transistor
1s performed by a common method of manufacturing a semi-
conductor device. Heremnafter, a method of manufacturing
wiring layers formed above the contacts 103 will be
described.

First, as illustrated 1n FIG. 3, the mterlayer insulation film
102 which serves as insulation separation layers for the semi-
conductor element such as the DMOS transistor 1s deposited
on the entire surface of the semiconductor substrate 101.
Next, the contacts 103 connected to the semiconductor ele-
ment such as the DMOS transistor are formed at certain
positions. Then, the stopper film 104 which serves as an
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ctching stopper of the first wiring layer 1s deposited on the
entire surface on the interlayer insulation films 102 including
the contacts 103. For the stopper film 104, 1t 1s possible to use
a st1licon nitride film (SiN film) which indicates a high etching
selectivity with respect to the silicone oxide film (S10, film)
which 1s a material of an interlayer insulation film to be
layered thereon.

Next, as 1llustrated 1n FI1G. 4, the interlayer insulation film
105 1s deposited on the stopper film 104. The interlayer insu-
lation film 105 functions to insulate the metal layer formed 1n
the first wiring layer from the surrounding. Next, photoresists
106 are patterned by a photolithography method to perform a
patterning process for the first wiring layer in the area A.

Next, as 1llustrated 1n FIG. 5, using the photoresists 106 as
masks, the interlayer insulation film 105 and the stopper film
104 are processed by anisotropic dry etching. Through this
process, a wiring trench in which a metal layer 1s formed later
1s formed. After the interlayer insulation film 105 and the
stopper film 104 are processed, the photoresists 106 are
removed.

Next, as illustrated 1n FIG. 6, the metal layer 107 1s depos-
ited on the entire surface of the interlayer insulation film 103
and inside the wiring trench formed 1n the area A. The metal
layer 107 can be formed by sequentially depositing, in
vacuum atmosphere, a tantalum film which functions as bar-
rier metal BM and a copper film which serves as a seed layer
for plating, and then depositing thick copper by electrolytic
plating.

Next, as 1llustrated in FIG. 7, the unnecessary metal layer
107 1s removed by a CMP (Chemical Mechanical Polishing)
method. Then, the stopper film 108 1s deposited on the entire
surface of the iterlayer insulation film 105 as well as on the
metal layer 107. Meanwhile, similar to the stopper film 104,
a silicon nitride film (SiN film) can be used for the stopper
{1lm 108. The stopper film 108 may be substituted by a CoWP
film which 1s selectively deposited on the copper using a
non-electrolytic plating, and functions as diffusion preven-
tion film. In this case, the stopper film 108 can be omitted.

Next, as 1llustrated 1n FIG. 8, photoresists 109 are patterned
by a photolithography method to make an opening in the
stopper film 108 1n the area B. Then, using the photoresists
109 as masks, the opening 1s formed 1n the stopper film 108.

Next, as illustrated 1n FIG. 9, the photoresists 109 are
removed, and then the interlayer insulation film 110 1s depos-
ited on the entire surface of the stopper film 108. For the
interlayer insulation film 110, a silicon oxide film (S10,, {ilm)
can be used.

Next, as 1llustrated in FIG. 10, photoresists 111 are depos-
ited and patterned on the interlayer insulation film 110. The
pattern of the photoresists 111 allows formation of columnar
contacts which has the width W2 to connect the metal layer in
the area A. In the area B, the pattern of the photoresists 111
also allows formation of a trench in which a metal layer
having the width W3 1s buried after the following process.

Next, as illustrated 1n FIG. 11, using the photoresists 111 as
masks, the interlayer insulation film 110 and the interlayer
insulation film 105 are processed by anisotropic dry etching.
Through this process, etching in the area A 1s stopped by the
stopper film 108, and a wiring trench 1n which a contact 1s
formed later 1s formed. Further, etching in the area B 1s
stopped by the stopper film 104, and a wiring trench 1n which
a metal layer 1s formed later 1s formed. Then, the photoresists
111 are removed. In the wiring trenches 1n the areas A and B,
burying resists 112 are respectively buried. Next, to form a
wiring trench required to form the second wiring layer having
the wiring width W1 in the area A, photoresists 113 are
patterned by the photolithography method.
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Next, as 1llustrated 1n FIG. 12, using the patterned photo-
resists 113 as masks, a wiring trench in which the second
wiring layer 1s formed 1s formed 1n the area A. The photore-
sists 113 and the burying resists 112 are removed. Then,
ctching 1s executed on the entire surface, and the stopper film
108 in the area A and the stopper film 104 in the area B are
removed. As a result, openings are made 1n the stopper films
108 and 104 below the wiring pattern in the areas A and B.

Next, as illustrated 1in FIG. 13, the metal layer 114 1s
formed on the entire surface of the interlayer insulation film
110 and 1nside the wiring trench to bury opening portions in
which the contact member 1n the area A and metal wiring
portions 1n the areas A and B are formed. The metal layer 114
can be formed by sequentially depositing, 1n vacuum atmo-
sphere, a tantalum film which functions as barrier metal BM
and a copper film which serves as a seed layer for plating, and
then depositing thick copper by electrolytic plating. The film
thickness of the wiring formed 1n the area B 1s thicker than the
f1lm thickness of the wiring formed 1n the area A. Meanwhile,
the width W3 of the wiring trench 1n the area B 1s wider than
the width W1 of the wiring trench in the area A. Therefore, 1t
1s possible to well-buried and deposit thick copper to lower

portions of the wiring trenches and form metal wirings.

Next, as illustrated 1n FIG. 14, the unnecessary metal film
114 1s removed by a CMP method. By this method, 1t 1s
possible to form the semiconductor device according to the
first embodiment 1llustrated 1n FIG. 2. Then, a stopper film
115 and an interlayer insulation film 116 may be sequentially
deposited on the entire surface on the interlayer isulation
film 110 including the metal layer 114 11 necessary.

Second Embodiment

Next, a semiconductor device according to the second
embodiment will be described with reference to FI1G. 15. The
entire configuration of the semiconductor device according to
the present embodiment 1s the same as that of the first embodi-
ment, and will not be described 1n detail. Further, a semicon-
ductor substrate 201, an interlayer insulation film 202, con-
tacts 203, and an iterlayer insulation film 205 according to
the second embodiment correspond to the semiconductor
substrate 101, interlayer insulation film 102, contacts 103 and
interlayer insulation film 105 according to the first embodi-
ment, respectively and employ the same configuration.

Further, metal layers 214a and 2145, interlayer insulation
film 210, stopper film 215 and so on of the semiconductor
device according to the present embodiment in the area A
employ the same configurations as the metal layers 1144 and
1145, interlayer msulation film 110, stopper film 115 and so
on according to the first embodiment in the area A.

The semiconductor device according to the present
embodiment 1llustrated 1n FI1G. 15 differs from that of the first
embodiment in that the wirings connected to the contacts 203
in the area B 1s formed with a first metal member 207 provided
in the first wiring layer and a second metal member 214
having the film thickness from the second wiring layer to the
upper surface of the first wiring layer.

Further, while the semiconductor device according to the
first embodiment has the stopper film 104 and the stopper film
108, the semiconductor device according to the present
embodiment omits the stopper film provided in the first wir-
ing layer, and only a stopper film 208 1s formed on the first
wiring layer. In the semiconductor device according to the
present embodiment, the second metal member 214 1n the
area B penetrates the stopper film 208 and connects to the first
metal member 207.
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| Advantage]

In the semiconductor device according to the present
embodiment, the wiring formed in the area B 1s formed with
the first metal member 207 and the second metal member 214
having the film thickness over the two wiring layers. In the
semiconductor device according to the present embodiment
illustrated 1n FIG. 15, the first metal members 207 and the
second metal members 214 do not include the interlayer
insulation film and the sectional area of the wiring increases,
so that 1t 1s possible to reduce the wiring resistance.

Next, the method of manufacturing a semiconductor
device according to the present embodiment will be described
with reference to FIGS. 16 to 19. FIGS. 16 to 19 are sectional
views 1llustrating the method of manufacturing a semicon-
ductor device according to the second embodiment. In the
method of manufacturing a semiconductor device, a forming
process of a semiconductor device such as a DMOS transistor
1s performed by a common method of manufacturing a semi-
conductor device. Hereinafter, a method of manufacturing
wiring layers formed above the contacts 203 will be
described.

The process of forming the interlayer insulation film 202,
contacts 203, interlayer msulation film 205, metal layer 207,
stopper 11lm 208 and interlayer insulation film 210 according
to the second embodiment 1s substantially the same as the
process according to the first embodiment of forming the
interlayer insulation film 102, contacts 103, interlayer insu-
lation film 105, metal layer 107, stopper film 108 and inter-
layer insulation film 110 i1llustrated 1n FIGS. 3 t0 9. Note that,
as 1llustrated in FIG. 16, the method of manufacturing a
semiconductor device according to the present embodiment
differs from the first embodiment 1n removing the stopper
film 104. Further, the method of manufacturing a semicon-
ductor device according to the present embodiment differs
from the first embodiment 1n forming the metal layer 207
(first metal member) also 1n the first wiring layer in the area B.

Next, as 1llustrated in FIG. 17, photoresists 211 are depos-
ited and patterned on the interlayer insulation film 210. The
pattern of the photoresists 211 allows formation of columnar
contacts which has the width W2 to connect the metal layer 1n
the area A. In the area B, the pattern of the photoresists 211
also allows formation of a trench in which a metal layer
having the width W3 1s buried after the following process.
Then, using the photoresists 211 as masks, the interlayer
insulation film 210 1s processed by anisotropic dry etching. In
this case, etching 1s stopped by the stopper film 208. Through
this process, wiring trenches in which contacts or metal layers
are formed later are formed.

Next, as illustrated in FIG. 18, the photoresists 211 are
removed. Burying resists 212 are buried respectively in the
wiring trenches 1n the areas A and B. Next, photoresists 213
are patterned by the photolithography method and, using the
photoresists 213 as masks, the burying resists 212 are
removed from the wiring trenches 1n the areas A and B.

Next, as illustrated 1n FIG. 19, the photoresists 213 are
removed, then etching 1s executed on the entire surface and
the stopper 11lm 208 1s removed 1n the areas A and B. Through
this process, openings are made 1n the stopper film 208 below
the wiring pattern 1n the areas A and B. Instead, all of the
burying resists 212 1n the area B may be removed and the
stopper film 208 on the metal layer 207 (first metal member)
in the area B may be entirely removed.

Then, the burying resists 212 are removed. The metal layer
214 1s formed on the entire surface of the interlayer insulation
films 210 and inside the wiring trenches to bury opening
portions 1n which contact member in the areca A and metal
wiring members in the areas A and B are formed. The metal
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layer 214 can be formed by sequentially depositing, in
vacuum atmosphere, a tantalum film which functions as bar-
rier metal BM and a copper film which serves as a seed layer
for plating, and then depositing thick copper by electrolytic
plating. Next, the unnecessary metal film 214 1s removed by
a CMP method. Then, a stopper film 215 may be deposited on
the entire surface on the mterlayer insulation film 210 1nclud-
ing the metal layer 214 11 necessary. Through this process, 1t
1s possible to form the semiconductor device according to the
second embodiment illustrated in FIG. 15.

Another Example of Second Embodiment

Next, another example of the method of manufacturing a
semiconductor device according to the second embodiment
will be described with reference to FIGS. 20 to 22. In the
second embodiment 1llustrated 1n FIG. 15, the stopper film
208 15 provided on the entire surface of the first wiring layer.
This stopper f1lm 208 may not necessarily be provided on the
entire surface and only needs to be provided on the metal
layers 207.

The process of forming the interlayer msulation film 202,
contacts 203, interlayer insulation film 205 and metal layer
207 according to the present example 1s substantially the
same as process according to the first embodiment of forming
the interlayer msulation film 102, contacts 103, interlayer
insulation film 105 and metal layer 107 illustrated 1n FIGS. 3
to 6. Note that, as 1llustrated in FI1G. 20, the method of manu-
facturing a semiconductor device according to the present
example differs from the first embodiment 1n omitting the
stopper films 104. Further, the method of manufacturing a
semiconductor device according to the present example dif-
ters from the first embodiment 1n forming the metal layer 207
(first metal member) also 1n the first wiring layer 1n the area B.

Next, as 1llustrated 1n FIG. 21, the unnecessary metal layer
207 1s removed by a CMP (Chemical Mechanical Polishing)
method. Then, the stopper film 208 1s deposited on the entire
surface of the interlayer insulation film 205 as well as on the
metal layers 207. A silicon nitride film (SiN film) can be used
for the stopper films 208. Next, with the manufacturing
method according to the present example, resists (not 1llus-
trated) are deposited and patterned on the upper surfaces of
the stopper films 208. Then, using the resists as masks, the
stopper films 208 other than on the upper surfaces of the metal
layers 207 are removed.

Next, as 1llustrated 1n FIG. 22, the resists are removed, and
then the interlayer msulation film 210 1s deposited on the
entire surface of the stopper films 208. For the interlayer
insulation film 210, a silicon oxide film (810, film) can be
used. Then, the semiconductor device according to the

present example can be manufactured by the same process as
the manufacturing method according to the second embodi-
ment 1llustrated 1n FIGS. 16 to 19.

[Others]

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
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What 1s claimed 1s:

1. A semiconductor device, comprising:

a semiconductor substrate; and

a first area and a second area which are respectively pro-
vided on the semiconductor substrate,

the first area including;:

a first metal wiring in a first wiring layer above the
semiconductor substrate and having a first width;

a second metal wiring 1n a second wiring layer above the
first wiring layer and having the first width; and

a first contact between the first wiring layer and the
second wiring layer, connecting the first metal wiring
and the second metal wiring, and having a second
width equal to or less than the first width, and

the second area including;:

a third metal wiring having a metal film and a barrier
metal film, the third metal wiring extending 1n a thick-
ness direction from a bottom surface of the first wiring
layer to an upper surface of the second wiring layer,
and having a third width along the entire thickness
thereotf, the third width being wider than the first
width, the barrier metal film being on the bottom
surtface of the first wiring layer and a side surface of
the metal film, the metal film extending from an upper
surface of the barrier metal film on the bottom surface
of the first wiring layer to the upper surface of the
second wiring layer.

2. The semiconductor device according to claim 1, wherein
the first area includes:

a first element formed 1n the first area on the semiconductor

substrate; and

a second contact connected to the first element and the first
metal wiring, and the second area includes:

a second element formed in the second area on the semi-
conductor substrate; and

a third contact connected to the second element and the
third metal wiring.

3. The semiconductor device according to claim 2, wherein
the second element includes a DMOS transistor, the DMOS
transistor comprising:

a gate electrode formed on the semiconductor substrate via

a gate insulation film;

a pair of source and drain diffusion regions provided on
both sides of the gate electrode and having a first impu-
rity concentration; and

a drift region having a second impurity concentration lower
than the first impurity concentration and provided adja-
cent to one of the source and drain diffusion regions.

4. The semiconductor device according to claim 1, further
comprising a diffusion prevention film formed on the first
wiring layer and having a function of preventing diffusion of
metal used for the first metal wiring 1nto an interlayer 1nsu-
lation film,

wherein the first contact penetrates the diffusion preven-
tion film to be connected to the first metal wiring.

5. The semiconductor device according to claim 1, wherein
the first metal wiring, the second metal wiring and the third
metal wiring are made of copper.

6. A method of manufacturing a semiconductor device,
comprising;

forming, in a {irst area provided on a semiconductor sub-
strate, a first metal wiring 1n a first wiring layer, the first
metal wiring having a first width;

forming, 1n the first area, a second metal wiring 1n a second
wiring layer above the first wiring layer, the second
metal wiring having the first width;
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forming a first contact between the first wiring layer and the
second wiring layer, the first contact connecting the first
metal wiring and the second metal wiring and having a
second width equal to or less than the first width; and

forming, in a second area provided on the semiconductor
substrate, a third metal wiring comprising a metal film
and a barrier metal film, the third metal wiring extending
in a thickness direction from a bottom surface of the first
wiring layer to an upper surface of the second wiring
layer, the third metal wiring having a third width along
the entire thickness thereof, the barrier metal film being
on the bottom surface of the first wiring layer and a side
surface of the metal film, the metal film extending from
an upper surface of the barrier metal film on the bottom
surface of the first wiring layer to the upper surface of the
second wiring layer.

7. The method of manufacturing a semiconductor device

according to claim 6, further comprising:

forming a second contact connected to a first element pro-
vided 1n the first area on the semiconductor substrate:
and

forming a third contact connected to a second element
provided in the second area on the semiconductor sub-
strate, wherein

the first metal wiring 1s connected to the second contact,
and

the third metal wiring 1s connected to the third contact.
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8. The method of manufacturing a semiconductor device
according to claim 6, wherein the third width 1s wider than the

first width.
9. The method of manufacturing a semiconductor device

according to claim 6, further comprising:

forming on the first wiring layer a diffusion prevention film
having a function of preventing diffusion of metal used
for the first metal wiring into an interlayer insulation
film; and

forming the first contact to penetrate the diffusion preven-

tion film and connect to the first metal wiring.

10. The method of manufacturing a semiconductor device
according to claim 6, wherein the first metal wiring, the first
contact, the second metal wiring and the third metal wiring
are made of copper.

11. The method of manufacturing a semiconductor device
according to claim 6, wherein the third metal wiring 1s formed
using a damascene method.

12. The method of manufacturing a semiconductor device
according to claim 11, wherein the first contact, the second
metal wiring, and the third metal wiring are formed simulta-
neously using the damascene method.

13. The semiconductor device according to claim 1,
wherein the barrier metal film comprises tantalum.

14. The method of manufacturing a semiconductor device
according to claim 6, wherein the barrier metal film com-
prises tantalum.
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